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Silver Jack Dam, a feature of the Bostwick Pa rk  Project in western 
Colorado, is located on Cimarron Creek about 25 miles southeast of 
Montrose, Figure 1. The earthfill dam has a height of 138 feet above 
ihe creek bed, a length of 1,070 feet at the cres t ,  and a fill volume of 
1,260,000 cubic yards. The hydraulic features include a spillway, an 
outlet works, and an outlet works bypass, the subject of this report. 

The 12-inch-diameter outlet works bypass, controlled by a 10-inch 
jet-flow gate, 11 will be used to discharge small  quantities of water to 
satisfy downsfream water rights during tine winter. The bypass 
extends from the s i d e - ~ f  the right outlet conduit just downstream of the 
wye branch, Figure 2, bypasses the 2-foot 3 -kch  square main outlet 
ww.ks high-pressure slide gates, and discharges into the right half of 
the main outlet works stilling basin. Figure 3. The jet-flow gate is in 
the outlet works &ontrol house near  the downstream end of the bypass. 
A 16-inch (prototype dimensions) inside-diameter pipe extends 19. 5 
inches downstream from the gate and connects to a 32.5-inch length 
of 17. 62-inch-inside-diameter pipe. This pipe car r ies  the flow through 
the control house wall and directs the jet into the right half of the still- 
ing basin through a blockout in the right sidewall of the basin. A 2. 76- 
inch-inside-diameter vent pipe attached at the top centerline of the dis- 
charge pipe 3. 56 inches downstream of the face of the jet-flow gate 
provided air to the gate. . .. 
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THE XODEL 

The model was built to  a scale ratio of 1:2. 857 so that an available 
3.5-inch-diameter jet-flow gate could be used to  represent the 10-inch- 
diameter prototype gate. The model included the jet-flow gate, the 
downstream pipe, and a portion of the right half of the outlet works 
stilling basin, Figure 4. The pipe bends upstream of the jet-flow gate 
were not modeled; instead, a straight 30-inch-long section of 3. 5-inch- 
diameter pipe was attached to the upstream face of the gate; the straight 
pipe was attached t o  the permanent laboratory supply system with 8 feet 
of 3-inch-inside-diameter flexible hose. 
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Water surface levels in the stilling basin were controlled by an adjust- 
able tailgate, and the elevations were measured by a staff gage on the 
wall of the basin near  tlie downstream end.of the model. T h e  portion .:: 

of the basin represented in the model extended from Station 9+30 down- 
s t ream 53. 5 feet to  the tailgate which was 23.5 feet upstream from the 
end of the prototype basin. A glass window mounted in the right basin 

- THE INVESTIGATION 

Operating Conditions 

The normal design discharge for ' the outlet works bypass is 8 cfs, and 
the miximum discharge is 36 cfs; intermediate discharges of 9, 18,  
a n d  27 cfs were also observed in the model. The pressure head; meas- 
ured 1 diameter upstream of the jet-flow gate, was  computed and se t  in 
the model. With'the computed pressure head, the maximum design dis- 
charge of 36:cfs could be obtained with a 100 percent gate opening. 



The 20° vertical deflection angle was considered undesirable because 
of the turbulent surface flow conditions. Therefore, other angles 
were tested to obtain more efficient energy dissipation. 

30° vertical deflection angle (approved). --Increasing the vertical 
deflection angle to 30° caused the jet to hit the water surface near 
the center of the basin pool and provided smoother flow conditions 
for all discharges, Figures 6C and D. Surface roughness, waves, 
foam, and splashing were less  than for  the previous test and did not 
extend a s  f a r  downstream. The boil at the jet impact a rea  rose about 
3 feet above the water surface at  36-cfs discharge, but the waves 
along either side of the basin and downstream from the boil were 
1 foot high o r  less. The pool upstream of the jet was smooth but 
surged about 6 inches vertically with the average water surface 
about a foot lower than the tailwater. There was adequate clear- 
ance between the jet and the sidewall and between the jet and the 
floor of the blockout under the jet for all discharges, Figure 7. 

The depth of penetration was tlk 'same for the 30- deflection as it 
was for  the 20° deflection for  corresponding,discharges. The 10'. .: 

increase in vertical deflection angle caused'the location of jet impact: 
to  move upstream about 8.feet for  all discharges and the .region of 
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Satisfactory flow conditions in the basin were obtained with the 9" 
lateral  angle (from the preliminary design) and the 30° vertical 
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head of air across the orifice was measured with a U-tube water 
manometer and the quantity of airflow was computed from the equation 

Previous model t es t s21  of jet-flow gate discharging into a horizontal 
conduit showed the effectof lengthening the downstream conduit on the 
airflow througha vent pipe. Although the airflow in the downstream 
conduit was erratic, generally the flow .of a i r  through the vent increased 
a s  the conduit .length was'increased. _In the cited test for a downstream 
length of 3. 7 2  D (D = downstream conduit width) the vent airflow 
was.0.5 cfs, o r  less,  up to 80 percent gate opening but .rose sharply as 
the gate was opened to 100-percentfull open. 

... 

Q = C A ~  

where C = coefficient of discharge (0. 60) 
A = area  of orifice 
H = differential head in feet of a i r  corrected for  temperature 

and barometric pressure 

Airflow through the a i r  vent pipe was negligible for  gate openings of 
60 percent o r  less .  F o r  these gate openings the aepated water did not 
fill the pipe downstream of the gate, and the air required at  the gate 
flowed up the unfilled portion of the discharge pipe. There was a i r -  
flow through the vent pipe fo r  gate openings greater  than 60 percent 
and a i r  demand data were obtained for gate openings of 80 and 100 per- 
cent for  both the 20° and 30° vertical deflection angles. The air demand 
at  the large gate opeuings was directly proportional to the water dis- 
charge and was greater for  the 20° vertical deflection angle than for  
the 30' angle, Figure 8. 

Although the discharge pipe downstream of the gate flowed nearly full 
of air-saturated water at  o r  near maximum discharge, air was observed 
moving upstream through the pipe against the main flow, even during 
the maximum design discharge and also with a 100 percent gate opening. 
~ k x ; T d o f  the discharge pipe was partially blocked to prevent a i r  from 
enteringby this access. This partial restrictioncaused asharp increase 
in airflow through the vent pipe, indicating that a large amount of the 
total a i r  demand was normally supplied through the discharge pipe. 
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Overall view of model. 

Jet-flow gate. downstrea~n pipe, and air supply vent. 

SILVER JACK DAM 
OUTLET WORKS RYPASS 

The 1:2.857 Scale Model - 
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8 Gate full open 
Gate 80% open 
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